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CONCLUSIONS: 

Anaerobic Aaua t i c  Metabol ism 

1. Study MRID #42256378 i s  acceptable and comple te ly  s a t i s f i e s  t h e  
anaerobic  aqua t i c  metabol ism 162-3 da ta  requi rement  f o r  im idac l  o p r i d .  

2. I m i d a c l o p r i d  degraded w i t h  a c a l c u l a t e d  f i r s t  o rde r  h a l f - l i f e  o f  27 
days i n  anaerobic  ( f l ooded  p l u s  n i t r o g e n  atmosphere) s i l t  loam 
sediment t h a t  was incubated i n  t h e  da rk  a t  22 + 1 C f o r  1 year .  The 
ma jo r  degradate was NTN 33823 which increased t o  a t o t a l  maximum 
average o f  66.0% of t h e  a p p l i e d  r a d i o a c t i v i t y  a t  249 days 
pos t t r ea tmen t  and was 64.0% a t  358 days. NTN 33823 was de tec ted  a t  
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maximum averages of 20.0% of the applied at 60 days posttreatment in 
the water fraction and 51.5% at 249 days in the sediment. 
[14c]~esidues associated with the water fraction of the 
sediment:water systems decreased from an average of 93.4% of the 
applied radioactivity at day 0 posttreatment to 18.0% at 358 days. 
Evol ved 14c0, was detected at 10.2 + 0.2% of the appl i ed during the 
study. Unextracted [14c]residues increased to an average of 22.6% 
of the applied radioactivity by 358 days posttreatment. 

METHODOLOGY: 

Samples (101 g wet weight) of sieved (2 mm) silt loam pond sediment 
(13.6% sand, 58.4% silt, 28.0% clay, 3.15% organic carbon, pH 6.89) 
were placed in 1-L flasks and flooded with uncharacterized pond 
water; the total volume of each sediment:water system was 500 mL. 
Each system was amended with 2.5 g saccharose, then the flasks were 
sealed and incubated (conditions not reported) for 30 days. 
Following the 30-day incubation, methylene-1 abeled [14c] imidacloprid 
[NTN 33893; 1-((6-chloro-3-pyridinyl)methyl)-4,5-dihydro-N-nitro-lH- 
imidazol-2-amine; radiochemical purity >99%, specific activity 140 
uCi/mg, Bayer AG], dissolved in water, was added to each 
sediment:water system at 0.56 ppm. Flasks were purged with nitrogen 
during and following treatment, then sealed with a closeable wash 
bottle attachment and incubated at 22 + 1 C in darkness. Two flasks 
containing untreated sediment:water were incubated alongside the 
treated systems as controls. During the study, excess pressure 
generated by the sediment:water systems was periodically released 
into an air sample bag connected to the wash bottle attachment that 
sealed each flask (Appendices 1 and 2). Duplicate flasks were 
collected at 0, 3, 7, 14, 30, 60, 120, 249, and 358 days 
posttreatment. At each sampling interval, a 10-mL aliquot of 
volatiles in the headspace was sampled through a septum in the side 
of the flask using a gas-tight syringe and reserved for qualitative 
analysis. To quantitate remaining volatiles, each flask and attached 
air sample bag were purged with nitrogen (100 mL/minute) ; the 
nitrogen was then drawn through a trapping tower containing a layer 
of oil -covered quartz wool to trap organic vol atiles followed by two 
layers of soda 1 ime (separated by quartz wool) to trap CO,, then 
finally through a copper oxide combustion apparatus to oxidize any 
additional organic volatiles (Appendices 7 and 8). Following 
collection of volatiles, the pH, redox potential, and dissolved 
oxygen content of the water phase in each system were determined; 
these parameters were also measured in the two control systems at 
each sampl i ng interval . 
Following sampling, a portion o f  the water phase was removed and 
aliquots were analyzed for total radioactivity using LSC. The 
remaining water fraction was decanted from the sediment and 
centrifuged. The supernatant was decanted from the sediment pellet 
which was rinsed with water and centrifuged again. The two 
supernatan!: were combined; an aliquot was acidified to release any 
dissolved CO,, then analyzed for total radioactivity using LSC. For 



c h a r a c t e r i z a t i o n  analyses, a l i q u o t s  of t h e  combined supernatant from 
water samples c o l l e c t e d  a t  0, 3, 7, and 14 days post t reatment  were 
analyzed d i r e c t l y ,  30-day samples were concentrated p r i o r  t o  f u r t h e r  
ana lys is ,  and 120-day samples were app l ied  t o  a Sep-Pak C-18 
c a r t r i d g e  and e lu ted  w i t h  methanol. Supernatants o f  60-, 249-, and 
358-day water samples were ex t rac ted  f o u r  t imes w i t h  ch l  oroform; 
organic phases were combined, then organic and aqueous phases were 
concentrated. A1 i quo ts  o f  water samples o r  e x t r a c t s  were analyzed by 
one-dimensional TLC on s i l i c a  ge l  p l a t e s  us ing  e t h y l  acetate:2- 
propanol :water (65: 23: 12, v:v:v) and methylene ch1oride:methanol: - 
a c e t i c  acid:water (65:25:3.5:3.5, v:v:v:v).  Radioact ive areas were 
detected us ing  a l i n e a r  analyzer and autoradiography; i t  was repor ted  
t h a t  r a d i o a c t i v e  areas were q u a n t i f i e d  by manual evaluat ion,  bu t  t he  
method was n o t  described. Degradates were i d e n t i f i e d  by comparison 
w i t h  unlabeled reference standards cochromatographed w i t h  t h e  samples 
and v i s u a l i z e d  under UV l i g h t .  A l i quo ts  o f  se lec ted  samples were 
a1 so analyzed by HPLC us ing  UV (270 nm) and r a d i o a c t i v i t y  de tec t i on  
on a reverse phase column w i t h  a grad ien t  e l u t i o n  combining e i t h e r  
water:phosphoric ac id  (1000:0.1, v:v) and acetoni t r i1e:phosphor ic  
a c i d  (1000:0.1, v:v) o r  aqueous 0.001 M pentane su l fon i c  ac id : -  
phosphoric a c i d  (1000:0.6, v:v) and 0.001 M pentane s u l f o n i c  a c i d  i n  
acetoni  tr i l  e:phosphoric ac id  (1000:0.6, v:v) . Radioact ive peaks were 
i d e n t i f i e d  by e i t h e r  comparison t o  r e t e n t i o n  t imes o f  unlabeled 
re ference standards detected w i t h  UV absorbance o r  f o r t i f i c a t i o n  o f  
sampl es w i t h  the  unl  abel ed reference $andards p r i o r  t o  
chromatography. To i s01  a te  unknown [ C]compounds, a1 i q u o t s  o f  
se lec ted  samples were analyzed by automated mu1 t i p l e  development TLC 
(AMD-TLC) us ing  HPTLC s i  1 i c a  ge l  p l a t e s  developed w i t h  g rad ien t  
so l  vent systems combining methanol and methyl ene ch lo r i de ;  de tec t i on  
of r a d i o a c t i v e  areas was no t  described. Parent im idac lop r id  and 
degradate i d e n t i f i c a t i o n s  were conf irmed us ing  GC/MS, e l e c t r o n  impact 
MS, and NMR. 

Sediment was ex t rac ted  sequen t ia l l y  th ree  t imes w i t h  methanol, once 
w i t h  e t h y l  acetate, and f i n a l l y  once w i t h  methylene ch lo r i de .  A l l  
e x t r a c t s  were separated from sediment by c e n t r i f u g a t i o n  and combined. 
The combined e x t r a c t  was concentrated, d i l u t e d  w i t h  water, then 
p a r t i t i o n e d  th ree  times w i t h  methyl ene ch lo r i de ;  organic phases were 
combined. Organic and aqueous phases were concentrated, then 
a l i q u o t s  were analyzed f o r  t o t a l  r a d i o a c t i v i t y  us ing  LSC and 
a d d i t i o n a l  a l i q u o t s  were analyzed by TLC and HPLC as descr ibed above. 
To re lease bound [14c]residues, subsampl es o f  p r e v i  ous ly  ex t rac ted  
sediment were d r i ed ,  then r e f l u x e d  f o r  6 hours w i t h  acetone: l  N HCl 
(75:25, v:v); a1 i quo ts  o f  t he  e x t r a c t  were analyzed by LSC and TLC as 
descr ibed aboyf. Extracted sediment was d r i e d  and m i  1 led,  then 
unextracted [ C ]  res idues remaining i n  t h e  sediment were q u a n t i f i e d  
us ing  LSC f o l l o w i n g  combustion. 

O i l  -coated quar tz  wool fram the  t rapp ing  towers was ex t rac ted  w i t h  
e t h y l  acetate;  an a l i q u o t  o f  the  e x t r a c t  was analyzed f o r  t o t a l  
r a d i o a c t i v i t y  us ing  LSC. Soda l i m e  from the  t rapp ing  towers was 
p laced i n  a f l a s k ,  then adsorbed 14~02was re leased from the  soda l ime  



us ing  HC1 and trapped i n  Carbosorb:Permafluor V s o l u t i o n  (Appendix 
9) ;  t h e  t rapp ing  s o l u t i o n  was analyzed f o r  t o t a l  r a d i o a c t i v i t y  us ing  
LSC . 
To produce a d d i t i o n a l  ma te r i a l  f o r  degradate cha rac te r i za t i ons ,  a 
1 arge-scale experiment was performed. S i l t  loam sediment was p laced 
i n  a 5-L g lass  b o t t l e  t o  a depth o f  approximately 1 cm, f looded 
( vo l  ume unspec i f ied)  w i t h  pond water, sealed, and pre- incubated f o r  ~ 30 days. The sediment:water system was then t r e a t e d  w i t h  methylene- 

I l a b e l e d  [ 1 4 ~ ] i m i d a c l o p r i d  a t  6 ppm, sealed, and incubated a t  22 + 1 C 
i n  t h e  dark. Samples o f  t he  water phase (volumes unspec i f ied)  were 
c o l l e c t e d  a t  135, 186, 253, 347, and 407 days post t reatment ;  a l i q u o t s  
were analyzed by LSC and TLC as descr ibed above. Add i t i ona l  samples 
o f  t h e  water phase were c o l l e c t e d  a t  189, 267, and 413 days 
post t reatment ;  a l i q u o t s  o f  t he  water f r a c t i o n s  were e i t h e r  p u r i f i e d  
us ing  a Sep-Pak C-18 c a r t r i d g e  o r  p a r t i t i o n e d  w i t h  methylene 
c h l o r i d e .  [14c] compounds were i sol  ated us ing  TLC and AMD-TLC 
techniques and analyzed us ing  MS and NMR. 

I 
1 .  

DATA SUMMARY: 

Methylene-1 abeled [ 1 4 ~ ] i m i d a c l o p r i d  [NTN 33893; 1- ( (6 -ch l  oro-3-  
pyridinyl)-methyl)-4,5-dihydro-N-nitro-lH-imidazol-2-amine; 
radiochemical p u r i t y  >99%], a t  0.56 ppm, degraded w i t h  an observed 
h a l f - l i f e  o f  between 30 and 60 days (27 days c a l c . )  i n  anaerobic 
( f l o o d i n g  p l u s  n i t r o g e n  atmosphere) s i l t  loam sediment t h a t  was 
incubated i n  t he  dark  a t  22 + 1 C f o r  358 days. Im idac lop r id  
decreased from an average o f  95.4-96.0% o f  t h e  app l i ed  r a d i o a c t i v i t y  
(sediment p l u s  water) a t  0-7 days post t reatment  t o  67.0% a t  30 days, 
16.0% a t  60 days, 4.7% a t  120 days, and was 50.2% a t  249 and 358 days 
(Appendix 17). The o n l y  degradate i d e n t i f i e d  i n  t he  sediment and 
water f r a c t i o n s  was 

NTN 33823. 

NTN 33823 increased t o  a t o t a l  maximum average o f  66.0% o f  t h e  
app l i ed  r a d i o a c t i v i t y  a t  249 days post t reatment  and was 64.0% a t  358 
days; NTN 33823 was detected a t  maximum averages o f  20.0% o f  t he  
app l i ed  a t  60 days post t reatment  i n  t he  water f r a c t i o n  and 51.5% a t  

I 249 days i n  t h e  sediment (Appendices 14 and 15). One u n i d e n t i f i e d  
I "aqueous-soluble" unknown was detected i n  t h e  water f r a c t i o n  a t  a 

maximum o f  2.2 + 0.2% (0.015 ppm) o f  t h e  app l i ed  r a d i o a c t i v i t y ,  and 
two unknowns, one "organ ic -so lub le"  and t h e  o the r  "HCl/acetone- 
so lub le" ,  were detected i n  t he  sediment a t  maximums o f  0.8 + 0.1% 
(0.005 ppm) and 10.6 + 0.4% (0.062 ppm) o f  t h e  appl ied,  respec t i ve l y ;  
f rom t h e  i n fo rma t ion  provided, i t  cou ld  n o t  be determined i f  these 
u~Fnowns were the  same compound o r  d i f f e r e n t  compounds. Unextracted 
[ Clres idues increased t o  an average o f  22.6% o f  F .e  app l i ed  
r a d i o a c t i v i t y  by 358 days post t reatment ;  evolved C02was detected a t  
<0.2 + 0.2% o f  t he  app l ied  du r ing  t h e  study (Appendices 11 and 13). 
-14 
[ CIResidues associated w i t h  the  water f r a c t i o n  o f  t h e  
sediment:water systems decreased from an average o f  93.4% o f  t h e  



app l i ed  r a d i o a c t i v i t y  a t  day 0  post t reatment  t o  18.0% a t  358 days 
(Appendix 11). During the  study, t he  d isso lved oxygen content  o f  the  , 

t r e a t e d  sediment:water systems was 52.8% o f  maximum oxygen s a t u r a t i o n  
(Appendix 10). The pH o f  t he  t r e a t e d  systems ranged from 5.9 t o  6.3 
between 0  and 14 days posttreatment,  then increased t o  6.8 t o  7.4 
between 30 and 358 days. The redox p o t e n t i a l  o f  t h e  t r e a t e d  systems 
decreased from 60-63 mV a t  day 0  post t reatment  t o  -196 t o  -203 mV a t  
30 days, then ranged from -132 t o  -180 mV between 60 and 358 days. 
The d isso lved oxygen content,  pH, and redox p o t e n t i a l  values o f  the  
t r e a t e d  systems were comparable t o  those measured i n  c o n t r o l  
sediment:water systems. Ma te r i a l  balances ranged from 94.0 + 0.8 t o  
99.7 + 2.0% o f  t he  app l ied  (Appendix 11).  

COMMENTS : 

1. As on l y  small amounts o f  the  pr imary degradate NTN 33823 were 
re leased when the  sediment was ex t rac ted  sequen t ia l l y  w i t h  methanol, 
e t h y l  acetate,  and methylene ch lo r i de ,  t he  ex t rac ted  sediment was 
r e f l u x e d  w i t h  acetone: l  N HC1 fo r  6  hours t o  completely e x t r a c t  NTN 
33823. The study authors repor ted  t h a t  p re l im ina ry  experiments 
showed t h a t  the  e x t r a c t i o n  w i t h  a c i d  under r e f l u x  d i d  n o t  degrade 
parent  im idac lop r id  and t h a t  NTN 33823 was no t  an a r t i f a c t  o f  t h e  
procedure. 

2. Using f i r s t  order  k i n e t i c s  where x  = t ime and y  = In(average 
concent ra t ion  o f  im idac lop r id  as percent o f  app l i ed  r a d i o a c t i v i t y ) ,  
t he  study authors ca l cu la ted  a  degradat ion h a l f - l i f e  o f  27.12 days 
(Appendix 1 7 ) ;  however, t he  da ta  i n d i c a t e  t h a t  t h e  p a t t e r n  o f  
degradat ion o f  t he  p e s t i c i d e  does no t  f o l l o w  f i r s t  order  k i n e t i c s .  
No degradat ion o f  im idac lop r id  occurred from 0  t o  7 days 
post t reatment ,  bu t  t h e  r a t e  o f  degradat ion increased from 7  t o  60 
days (F igure  i n  Appendix 17). 

The study authors presented the  average concentrat ions o f  NTN 33823 
(as percent  o f  app l ied  r a d i o a c t i v i t y )  detected i n  t h e  water and 
sediment f r a c t i o n s  a t  each sampling i n t e r v a l  i n  Appendices 14 and 15. 
The Dynamac rev iewer ca l cu la ted  the  t o t a l  average concentrat ions o f  
NTN 33823 detected i n  the  water p l u s  sediment a t  each sampling 
i n t e r v a l  us ing  the  data prov ided i n  those Appendices. To ta l  average 
concent ra t ions  o f  parent  im idac lop r id  i n  t he  water p l u s  sediment a t  
each sampling i n t e r v a l  were prov ided by the  study authors i n  Appendix 
2 7 

4. The t e s t  sediment and water were c o l l e c t e d  from a  pond l oca ted  i n  
Stanley, Kansas, bu t  t h e  l e n g t h  o f  t ime between c o l l e c t i o n  and use o f  
t he  sediment and water was no t  repor ted.  Storage cond i t i ons  o f  t he  
sediment and water p r i o r  t o  use were n o t  completely described; the  
study authors repor ted  t h a t  the  sediment and water were s to red i n  50- 
L g lass  aquar ia under " f i e l d  cond i t i ons "  w i t h  fo rced aera t ion .  The 
study authors should r e p o r t  what c o n s t i t u t e s  f i e l d  cond i t ions .  



5. The pond water was n o t  completely character ized;  t h e  t o t a l  
a1 k a l  i n i  ty, t o t a l  hardness, and concent ra t ion  o f  suspended so1 i d s  
were n o t  repor ted.  The d isso lved oxygen content  o f  t h e  water 
f r a c t i o n  o f  t h e  sedirnent:water systems was measured a t  each sampling 
i n t e r v a l ,  b u t  was repor ted  as a  percentage o f  t h e  maximum oxygen 
s a t u r a t i o n  i n  t h e  water (=  8.73 mg 02/L water a t  22 C). 

6. T h e s i l t l o a m c l a s s i f i c a t i o n o f t h e s e d i m e n t c o u l d n o t b e c o n f i r m e d  
because t h e  sediment was n o t  c l a s s i f i e d  according t o  t h e  USDA s o i l  
c l a s s i f i c a t i o n  system. The p a r t i c l e  s i z e  scale used was n o t  
equ iva len t  t o  t he  USDA scale; the  s i l t  f r a c t i o n  conta ined sand and 
s i l t  p a r t i c l e s .  The g r a i n  s i z e  d i s t r i b u t i o n  repo r ted  by t h e  study 
authors was 13.6% sand (2000 - 63 um), 58.4% s i l t  (63 - 2  um), and 
28.0% c l a y  ( t 2  um; Appendix 3 ) .  A  CEC va lue f o r  t he  sediment was n o t  
repor ted .  

7. The study authors repor ted  t h a t  water f r a c t i o n s  were analyzed f o r  
so l  ub i  1  i z e d  l4c0,; an a1 i quot o f  t he  sampled water phase was placed i n  
a  f l a s k ,  t r e a t e d  w i t h  5  N HC1, and s t i r r e d  f o r  2  hours. A i r  was then 
drawn (600 mL/minute) through t h e  f l a s k  i n t o  a  t rapp ing  tower t o  
c o l l e c t  v o l a t i l e s  and CO,. Resul ts  from t h i s  procedure were n o t  
repor ted .  

8. The study authors repor ted  t h a t  t o  q u a n t i t a t e  s l i g h t l y  s o l u b l e  
[ 1 4 ~ ~ 2 ] c a r b o n a t e s ,  subsampl es o f  ex t rac ted  120- and 249-day sediment 
were d r i ed ,  ground, p laced i n  f l a s k s ,  and t r e a t e d  w i t h  5 N HC1:water 
(40:30, v:v);  a i r  was drawn through t h e  f l a s k s  then through 
Carbosorb: Permafl uor  s o l u t i o n  t o  t r a p  re leased 14c02. Resul ts  from 
t h i s  procedure were n o t  repor ted .  

9. The study authors repor ted  t h a t  f i v e  so lvent  systems were used f o r  
TLC; aceton i t r i le :water :25% ammonia (80:18:2, v:v:v),  methylene 
ch1oride:methanol (90:10, v:v),  e t h y l  acetate, e t h y l  acetate:2- 
propanol :water (65: 23: 12, v: v: v )  , and methyl ene ch1oride:methanol: - 
a c e t i c  acid:water (65:25:3.5:3.5, v:v:v:v). It was repo r ted  t h a t  t he  
e t h y l  acetate:  2-propanol :water and methylene ch1oride:methanol : ace t i c  
acid:water so l  vent  systems were used t o  i d e n t i f y  and q u a n t i t a t e  
i m i d a c l o p r i d  and i t s  degradates, bu t  i t  was n o t  s p e c i f i e d  what 
purposes t h e  o the r  t h ree  systems served. Fo l lowing TLC, t he  study 
authors repo r ted  t h a t  r a d i o a c t i v e  areas were detected us ing  a  l i n e a r  
analyzer  and q u a n t i f i e d  v i a  manual eval ua t  ion ;  t h e  manual eva lua t i on  
method was n o t  described. I n  add i t i on ,  d e t e c t i o n  and i d e n t i f i c a t i o n  
o f  r a d i o a c t i v e  areas f o l l o w i n g  AMD-TLC was no t  described. 

10. The cond i t i ons  f o r  t he  batch study were n o t  adequately described. 
The study authors repor ted  t h a t  a  5-L g lass  b o t t l e  con ta in ing  a  1-cm 
l a y e r  o f  sediment was f i l l e d  up w i t h  pond water; t h e  f i n a l  volume of 
t h e  sediment:water system should be repor ted.  The sample s i zes  o f  
water c o l l e c t e d  a t  t he  sampl i n g  i n t e r v a l s  were n o t  repor ted .  

It was unc lear  i f  r e s u l t s  from the  batch study were comparable t o  the  
d e f i n i t i v e  study. The study authors repo r ted  t h a t  t h e  f i r s t  water 
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samples for characterization analyses were not collected from the 
batch study until 189 days posttreatment because of "the increased 
rate and the resulting delayed degradation of the active ingredient." 
It was unclear if that statement meant that the initiation of 
degradation of imidacloprid in the batch study was even more delayed 
than in the definitive study and/or possibly related to the treatment 
rate; quantitative results were not provided from the batch study. 
Parent imidacloprid and NTN 33823 were isolated from the water 
fraction of the batch study and identifications were confirmed using 
MS and NMR. In addition, the degradate DIJ 9817 was isolated and 
identified; however, it was reported that DIJ 9817 was not detected 
in the definitive study. 

11. The registrant should provide chemical names for all degradates of 
imidacl oprid. 

12. The registrant reported that imidacloprid [NTN 33893; 1-((6-chloro-3- 
pyridinyl)methyl)-4,5-dihydro-N-nitro-1H-imidazo1-2-amine] is a broad 
spectrum, systemic insecticide. The proposed maximum use rates for 
food and non-food crop uses are 0.5 1b ai/A or 500-560 g/ha (Study 4, 
MRID 42256379). The study authors reported that a commercial use 
rate of 200 g/ha in a water layer of 10-cm depth would result in 0.2 
ppm imidacloprid; therefore, an application rate of 0.6 ppm (0.28 mg 
[ '~]imidacloprid in 500 mL of sediment plus water) was chosen for 
this study to ensure identification of imidacloprid and possible 
degradates. 
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